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0 Method and composition for prophylaxis and treatment of viral infections. 

© Viral infections are prevented or treated by administration of a tumor necrosis factor, and preferably by 
continuous infusion of a tumor necrosis factor and interferon. The method has particular applicability in the 
treatment of AIDS and ARC. 
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METHOD AND COMPOSITION FOR PROPHYLAXIS AND TREATMENT OF VIRAL INFECTIONS 



Background 

This invention relates to the treatment of animals which have been viraily infected or which are at risk 
5 for exposure to viral infection, particularly retroviruses. In particular, it is concerned with inducing in 
mammalian cells a state of resistance to viral infection and treating retroviral ly infected humans. 

This invention is especially concerned with the therapy of retroviral infections leading to immunological 
defects, more specifically those infections thought to be responsible for acquired immune deficiency 
syndrome (AIDS). 

w AIDS is a transmissible deficiency of cellular immunity characterized by opportunistic infections and 
certain malignancies, notably Pneumocystis carinii pneumonia and Kaposi's sarcoma, in patients without 
another recognized cause for contracting these rare diseases (1-3). AIDS is manifested by a profound 
lymphopenia, a generalized cutaneous anergy and markedly reduced proliferative response to mitogens, 
antigens and allogeneic cells, seeming to result from depletion of the OKT4+ T-lymphocyte subset (4). 

75 While humoral immunity is relatively unaffected, there is increasing evidence for a hyperactive B-cell 
proliferative response which may be related causally to the high incidence of B-lymphoma in AIDS patients 
(5,6). In addition to the fully developed syndrome, an epidemic of a related disease, AIDS-related complex - 
(ARC), has appeared, characterized by generalized chronic lymphadenopathy. This syndrome shares many 
of the epidemiological features and immune abnormalities and often precedes the clinical manifestations of 

20 AIDS. 

Recent evidence has implicated strongly a lymphocytotropic retrovirus as the primary aetiologicai agent 
of AIDS and the AJDS-related complex. Lymphadenopathy-associated virus (LAV) was isolated initially from 
cultured lymph-node T cells of patients with lymphadenopathy and AIDS as well as an AIDS patient and an 
asymptomatic sibling, both with haemophilia B (7-9). A similar virus, designated human T-lymphotrophic 

25 virus type III (HTLV-III), has been isolated from a large number of AIDS and ARC patient blood samples by 
co-cultivation with the permissive T-cell line H9 (10, 11). LAV and HTLV-III. as well as related retroviruses 
isolated recently from AIDS patients (12,13). share several important characteristics. Viral replication occurs 
in the OKT4+ T-»ymphocyte population in yjvg and in vitro and is associated with impaired cell proliferation 
and the appearance of cytopathic effects (8,10,14). The virus has a Mg^-dependent reverse transcriptase, 

30 exhibits a dense cylindrical core morphology similar to type D retroviruses (8.13.15) and is recognized by 
antibodies found in the sera of virtually all AIDS and ARC patients (8.13,16-21). HTLV-III and LAV now are 
believed to be strains of the same virus, which has been given the name human immunodeficiency virus - 
(HIV). 

Immune function in AIDS or ARC afflicted patients is severely compromised. However, the precise 
35 nature of the abnormalities induced by HIV continue to be under study. Of particular interest was the effect 
of HIV infection on the production of lymophokines by the immune cells of such patients as well as their 
responses to exogenously administered lymphokines. 

Of 16 AIDS patients tested for T lymphocyte capacity to secrete macrophage-activating products, 
including gamma interferon, 14 failed to generate active lymphokines and 13-14 completely failed to secrete 
40 gamma interferon. Furthermore, macrophages from patients with AIDS showed enhanced antimicrobial 
activity when incubated in vitro with gamma interferon, thus raising the possibility that such cells may 
respond in vivo to exogenously administered gamma interferon (22. 24). 

Lymphocytes from AIDS patients also have been reported to be deficient in their ability to product 
interfeukin-2. a lymphokine having a role in the proliferation and differentiation of T lymphocytes and which 
45 stimulates gamma interferon production (23). 

Finally, gamma interferon was known to exert a direct antiviral effect on vesicular stomatitis virus (VSV) 
infected cells and to potentiate the effect of a cytokine on VSV infected cells (25). This cytokine was 
tentatively identified by these authors as the polypeptide referred to herein as tumor necrosis factor-a. See 
also Bfel et al_ "Cell Immun." 47: 197-203 (1979). Immunosupplementation therapy for AIDS therefore 
so appeared to be a promising opportunity, and clinical studies with patients were instituted. 

Despite th expectations for lymphokine therapy of AIDS patients, in vivo results have been disappoint- 
ing. Contrary to the results encountered in in vitro experim nts, a prolonged course of intrav nous 
recombinant gamma int rferon treatment appeared to inhibit rather than enhance monocyte respiratory 
burst function (26), and intravenous treatment of AIDS patients with varying doses of interleukin-2 or gamma 
interferon led to th conclusion that in yjvo rymphokin therapy was not of significant valu in the treatment 
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of patients with AIDS (27). In fact, by the tim of the invention herein, a school of thought had developed 
that the immune stimulation or reconstruction approach to AIDS therapy was actually "dangerous" because 
cell activation by lymphokines was though to contribute to virus spreading and T4 cell d pi tion, and thus 
would accelerate progression of the disease (28). In June, 1986. Yamamoto et al. (29) disclosed that 

5 human alpha and beta (but not gamma) interferons suppressed the jn vitro replication of HIV strains, but 
when exposure to the interferons ceased the viral production of infected cells was enhanced. This further 
suggested that immune therapy of AIDS would be counterproductive. 

Finally, it has been suggested that lymphotoxin is produced by HIV-infected T cells by vi rally-induced 
transactivation of the T cells' endogenous lymphotoxin gene, thus leading to secretion of autotoxic 

io quantities of lymphotoxin (35). 

Interferons have been used to varying effect for the prophylaxis or treatment of chronic, acute and/or 
experimental infections by viruses such as vaccinia, rubella, herpes simplex, varicella-zoster, chicken pox, 
cytomegalovirus, adenovirus, ebola virus, rabies and hepatities B. Chronic cytomegalovirus infections have 
proven difficult to treat by interferons, even using much higher doses than were needed than for the 

is prevention of CMV infections; these doses may involve undesirable side reactions such as neutropenia and 
suppression of weight gain. Accordingly, it would be desirable in patients with persistent or chronic viral 
infections to provide an interferon preparation that is more efficacious without inducing interferon side- 
effects. 

Interferons also have been widely tested for their ability to prevent or treat the common cold (primarily 
20 rhinovirus infections). Most studies use intranasally administered daily doses ranging from 0.8x10' to 
42.8x10* units (Finter et al., 1985, Interferon Vol. 4 pp. 186-187). However, it should be understood that the 
relationship between the specific activities reported by early workers and the International Standards now in 
use is unclear; the dosages employed when expressed in International Units could have been greater or 
lower, intranasal administration generally was as an aerosol, although delivery by soaked pledget has been 
25 reported as more efficacious. Typically, the daily dosage is aliquoted and administered 1 to 3 times per 
day. Experience with recombinant interferons has shown that sprays delivering about 1x10* units/dose (at 
0.1 ml/nostril) were effective in conferring protection whereas doses at one-tenth or one-one hundredth of 
this had no detectable effect (Finter et al., op cit p. 188). However, doses of about 1x10* units of interferon 
have been associated with annoying, mild nasal irritation and greater doses are markedly irritating (Finter et 
30 al.ld.). 

Interferons also have been administered in the form of eyedrops to treat herpes simplex virus 
conjunctivitis and intravenously or intraperitoneally as injections or infusions for the treatment of various viral 
infections. Eyedrops typically contained greater than about 1x10* units of interferon/ml (one preparation 
containing 60,000 units/ml was reported to confer no clinical benefit; Sundmacher et al.. 1976. "J. Infect. 

35 Dis." 133: A160-A164). Intravenous doses also generally exceeded 1x10* units/patient, although earlier 
workers, constrained by the crude interferon preparations then available, necessarily used lower doses. As a 
result of these studies, interferons generally are not believed to be as effective in treating established viral 
infections as they are in preventing them. Interferon preparations are needed that demonstrate enhanced 
activity towards active infections and that exhibit higher protective potency in order that lower interferon 

40 doses can be used. 

Tumor necrosis factor (Pennica et al., 20/27 Dec. 1984, "Nature" 312:724) and lymphotoxin (Gray et al.. 
20/27 Dec. 1984. "Nature" 312-721) are proteins produced by activated macrophages and lymphocytes, 
respectively designated "TNF" (or "TNF-a") and "LT" ("or TNF-0") herein. Both are directly cytotoxic to 
tumor cells in vitro and in vivo, and synergize with interferons in this respect (Lee et al.. 1984, 
45 "J.lmmun. "133:1 083). However, neither TNF nor LT per se were known to have any direct antiviral 
protective activity. TNF-a has been suggested to be responsible for wasting and cachexia in patients with 
cancer of severe infections (34), and passive immunization against TNF-a was reported to protect mice 
against the lethal effect of endotoxin (30). The anti-tumor effect of TNF-a is known to be synergisticaily 
potentiated by interferons, and the anti-tumor effect of TNF-0 is similarly potentiated by interferon gamma, 
so The anti-tumor effects of TNF-a and TNF-jS in admixture, however, are only additive, as are the antiviral 
effects of interferons alpha and beta. 

It is an object of this invention to enhance the antiviral activity of interferons without increasing the 
incidence of interferon side effects. 

It is a further object to enhance the antiviral specificity of interferons. 
55 It is an additional object to employ interf rons in th prophylaxis of individuals against viral infection, 
including infection by DNA viruses. 

It is an obj ct of this invention to employ immunotherapy in the successful tr atm nt of p rsons 
infected with retroviruses, in particular lymphocytotropic viruses such as HIV. 
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ft is a further bject herein to treat those at risk for active r tro viral infection, e.g. persons harboring 
latent retrovirus. 

An adcfitional object is to provid immunotherapeutic prophylaxis against retroviral infections. 
These and other objects of the invention will be apparent from consideration of the specification as a 
5 whole. 



Summary 

10 The objects of this invention are accomplished by administering to a mammal previously infected or at 
risk from viral infection an antivirally effective among of a TNF or an LT, of (a) an interferon and (b) a TNF 
and/or an LT. Notwithstanding the absence of any known antiviral protective activity by TNF or LT alone, 
TNF or LT synergisticaJly enhance the antiviral activity of interferons. Typically, and quite unexpectedly, the 
activity of interferon is increased about from 2 to over 100 times by including TNF or LT in the interferon 

75 composition. The greatest effect is observed with gamma interferon. 

Interferon compositions are provided that at the time of this invention, would have been believed to 
contain inadequate interferon for therapeutic use, including either antiviral or antitumor uses. These 
interferon doses are less than about 500.000 International Units, generally less than 25.000 Units. They are 
rendered efficacious by the inclusion therein of LT or TNF in an amount in itself insufficient to demonstrate 

20 LT or TNF toxicity but sufficient for enhancing the antiviral activity of interferon. 

Unexpectedl y. I h ave discovered that administration of a therapeutically effective _ amount^of a tumor ~ > 
n^^^i$^fectGl^aHorigior? preferably, in combination with an interferon, confers protection on persons at risk 
to retroviral infection and kills retrovirally infected ceils. While gamma interferon alone exerts little or no 
protective activity against retroviral infection nor is gamma interferon significantly cytotoxic to retrovirally 

25 infec^jcells,„andjn^F^lone is only modestly active at high concentrations, me:combinatibhrof:these:twozz^? 
ag ^nts'is^ram ^cally ; pc^nt^This^ phenomenon is observed in vivo , despite the deranged condition of the 
immune systems of retroviral ly-infected patients. This result was particularly surprising because TNF was 
not known to be deficient in such patients. 

30 

Brief Description of the Figures 

figs. 1 and 2 illustrate the dramatic increase in interferon antiviral activity when interferon-^ is used 
in combination with LT or TNF. 
35 fig. 3 depicts a cell culture which has been protected from viral infection by varying concentrations 

of TNF and interferon-y. 

figs. 4a and 4b show that the antiviral activity of interferon-a, or y is enhanced by TNF or LT. 
figs. 5a -5d illustrate that inhibition of viral replication by interferon-y is potentiated by TNF or LT. 
fig. 6 is a Northern gel showing the dramatic reduction in HIV mRNA in HIV-infected HuT78 cells 
40 after pretreatment with, TNF-a and IFN-y as compared to control cells that were not pre treated. 

Fig. 7 demonstrates the antiviral protective effect of catalase in combination with TNF-a and/or IFN-y. 

Detailed Description 

45 

The method and compositions of this invention are useful in preventing or treating active or latent 
infections by DNA viruses, single stranded RNA or double stranded RNA viruses, including without limitation 
adenoviruses, herpes virus, papovavirus (including simian virus 40. papilloma and polyoma viruses), pox 
viruses such as small pox and vaccinia, arbovirus, arenovirus, coronavirus, myxovirus (New Castle disease, 
so mumps, measles and respiratory synctial virus), rhinovirus, paramyxovirus, such as influenza viruses A. B or 
C, parvovirus, picomavirus, togavirus. retrovirus (including HTLV-I, II and III), reo virus and rotavirus. Other 
specific viruses include rubella, herpes simplex, variceils-zoster, chicken pox. cytomegalovirus, eboia virus, 
rabies and hepatitis B. 

55 
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Retroviruses are defined as viruses containing single or double stranded RNA. These viruses replicate 
by harnessing the cellular metabolism of permissive hosts to reverse transcribe the RNA g netic material of 
the virus. The large amounts of DNA so produced are translated into HIV protein and RNA for the assembly 
of progeny virions. Examples of such viruses include the socalied "slow" or lentiviruses and the T-cell 
5 leukemia viruses such as HTLV-I and HTLV-ll, but most preferably ar the HIV (previously) known as HTLV 
III) strains associated with AIDS. 

Interferons are well known. In nature they comprise 0 and y interferon, and the about 20 different 
interferon-a subtypes. Their most relevant characteristic for the purposes herein is that they are capable of 
protecting cells in vitro and in vivo from viral infection. The interferons used in the process or composition 
to of this invention typically are interferon-a, fi or 7, with interferon-7 being preferred. Interferons produced in 
recombinant cell culture, from natural isolates or by stable untran stormed cell lines are satisfactory for use 
herein, as are interferon amino acid sequence or glycosylation variants (including unglycosylated forms) so 
long as they exhibit anti-viral activity, Interferon-7 should be of the same animal species for which therapy 
is intended because interferon-7 is known to be species specific. The preferred interferon is human 
75 interferon-7. The interferons desirably are substantially homogeneous and will have a specific activity in 
excess of about 1x10* International Units/mg. 

TNF and LT include the products of recombinant or untransformed cell culture, including amino acid 
sequence or (in the case of LT) glycosylation variants (including unglycosylated LT). Either TNF or LT 
alone, or mixtures thereof, are suitable. Since TNF and LT are not species-specific in their ability to 
20 synergize with interferons, TNF or LT from one species is useful in the therapy of another. Preferably, 
human mature TNF or human unglycosylated mature LT are used herein. 

TNF-a or TNF-0 are used alone or in admixture with one another in proportions empirically determined 
to exert the most effective clinical response. TNF is not species specific, so TNFs from other animal 
species, e.g. porcine or bovine, are useful herein. The preferred TNF is mature human TNF-a from 
25 recombinant microbial cell culture. The TNF ordinarily will have a cytolytic activity on susceptible L-929 
murine cells of greater than about 1x10* units/mg, wherein a unit is defined as set forth in our earlier 
applications EP168214A and EP-164965A. 

The compositions herein include a pharmaceuticaJly acceptable vehicle such as those heretofore used 
in the therapeutic administration of interferons, TNF or LT, e.g. physiological saline or 5% dextrose, 
30 together with conventional stabilizers and/or excipients such as human serum albumin or mannitol. The 
compositions are provided lyophilized or as sterile aqueous solutions. 

Several variables will be taken into account by the ordinary artisan in determining the proportions of 
interferons a, 0 or 7 and of TNF-a or TNF-0, the net proportion of interferon to TNF, the concentration of 
interferon and TNF in the therapeutic compositions and the dosages to be administered on a Kg basis. 
35 Therapeutic variables also include the animal species to be treated, the administration route, and the clinical 
condition of the patient (including the stage and degree of retroviral and/or adventitious organism infection, 
if any, present at the commencement of treatment). Doses of interferon ranging about from 1 to 50 ug/m J 
are suitable initial dosing levels. The tolerated dose may not exceed about 25 ug/m 2 . 

Suitable doses of interferon ranging about from 50% to 0.1% of those heretofore believed to be the 
40 minimum effective doses are useful in combination with TNF or LT in conferring resistance to viral infection 
and for the killing of virally infected cells. Tfi^idosesiwill^geaupitofTato 

Kg patient, but are typically less than about 100,000 Units/70 Kg. The relative proportion by weight of 
interferon to TNF or LT generally ranges about from 1000:1 to 1:1, with about 100:1 being preferred. 
Therapeutic compositions typically are aqueous solutions containing about from 1x10 3 to 1x10 s IU of 

45 interferon/ml and about from 1 ng to 5 ug of TNF or LT/ml. These are administered intranasally. 
intraperitoneally or intravenously, depending upon the viral infection to be interdicted or treated. Intranasal 
doses generally are less than about 25.000 International Units (in 0.1 ml volume), while intravenous doses 
are less than about 500,000, generally less than 100,000 Units. 

The synergistic anti-viral protective effect of interferons together with TNF or LT is broadly applicable to 

so all mammals. The cell lines shown in the following Table 1 were seeded into 24-welI tissue culture plates 
and preincubated with TNF or LT plus interferon-7. All were protected (as determined by cytopathic effect) 
to at least some degree against infection with EMC. VSV and HSV-2 at multiples of infectivity of 1. 1 and 
100, respectively. 

55 
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75 
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HT29 (colon tumor) 
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Accordingly, the method of this invention is useful for conferring protection against viral infections on 
mammals, including man, cattle, swine, fowl and horses. Patients may or may not be known to harbor 
tumors or malignancies. 

The method of this invention Is particularly useful in the prophylaxis of highly-communicable viral 
infections that may occur in dense populations of agricultural animals, the foremost being New Castle 
disease in chickens and shipping fever in cattle. In contradistinction to vaccines, the compositions herein 
are effective against all viruses, notwithstanding mutations that may occur in the viral population that could 
render a vaccine ineffective, and can be administered with rapid protective effect upon the first sign of an 
epidemic outbreak -thereby obviating the need to vaccinate an entire population of animals. 

The method also is useful in the prophylaxis of respiratory tract infections. Those at risk to exposure, 
e.g. those having a family member who has contracted a common cold, win administer interferon and TNF 
or LT for protection from infection. The most convenient route of administration for viruses transmitted in 
animals or man through the respiratory tract by intranasal spray or pledget This treatment will use the 
known compositions and methods except that only a fraction of the interferon previously employed need be 
used and the therapeutic regimen includes the administration of TNF or LT. Intranasal preparations 
optionally include permeation enhancers such as bile acid salts or nonionic polyoxyethylene ethers. The 
formulations will contain the indicated doses of interferons and TNF or LT, mannitol or other stabilizers or 
excipierrts and 1% by weight enhancer in pH 7.4 phosphate buffer. Other suitable intranasal base 
formulations are described in U.S. patent 4.476,116, EP 127,535^ EP 122,036 A. EP 11 1,841 A. and EP 
128,831 A. 

The TNF and interferon doses are administered together or separately. If the latter, the interferon should 
be administered first and the TNF thereafter within 24 hours. It is within the scope of this invention to 
administer the TNF and interferon in multiple cycles, depending upon the clinical response of the patient. 
This approach to the therapy will be effective in attacking latently-infected ceils entering the active phase of 
infection, whether due to exogenously administered T cell mitogens or adventitious infections that lead to T 
cell activation. 

Since the treatment with TNF and interferon will lyse virally-infected cells and may result in the release 
of infective virus, it is advantageous in the course of therapy to administer substances capable of 
neutralizing further viral infectivity. This can be accomplished by several methods. One- can -administer- ^ 
ajltib^esGsu^Za^m — $ 
preferably at the same time as TNF is administered. Alternatively, immunologically competent patients can 
be vaccinated against th retrovirus in order to actively induce n utralizing antibody. A suitable vaccine for 
this purpose contains the HIV gp120 env lope polypeptide. This vaccine is disclosed to indura^HIV^ 
tneutralizing-antirx£ie^ in the passive immunization strategy described above. 
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Other agents that interdict the potential infectivity of released viruses also can be administered together with 
the TNF, for example gp120 env or fragments thereof which bind to the cell surface receptor ordinarily 
recognized by th r trovirus in question (in the case of HIV, the OKT4+ cell surfac marker pres nt on 
helper T cells) and thus competitively inhibit viral adh sion to target cell surfaces. 
5 The synergistic antiviral and anti-tumor activity of TNF and/or an interferon is further potentiated by 
including in the treatment regiment and/or compositions a therapeutically effective amount of an oxygen 
free-radical scavenger (including oxygen protective enzymes and peroxidatively active substance). Such 
substances, including catalase, superoxide dismutase, peroxidase or chloroperoxidase, greatly enhance the 
activity of TNF and interferon. Such enzymes are respectively known to catalyze the breakdown of H,0 2 to 

70 water and oxygen or to catalyze the reaction H 2 0, + HO-R-OH — 2H a O + 0 = R = 0. although at present 
the mechanism(s) by which such agents potentiate TNF and interferon are unknown. Catalase is widely 
available commercially and can be obtained from human tissues such as red blood cells. Peroxidase is 
commonly available from horseradish. The proportion of peroxidatively active substance to TNF and 
interferon optionally will be about from 1000:1:0.1 to 100:5025, but the dosages and proportions necessarily 

75 will be adjusted to reflect the clinical condition of the patient and administration route, among other 
variables known to those skilled in the art. 

The TNF and interferons are administered by the same or separate routes, for example by intravenous, 
intranasal or intramuscular administration. Ether or both components can be administered from sustained 
release compositions, for example as polylactide or poly hydroxy Ibuty rate implants or liposomes such as are 

20 described in EP 17.2007A, or by continuous infusion. At the present time it is preferred to infuse the TNF 
and interferon intravenously in the dosages described above. 

In order to avoid side effects from the combined therapy when high doses are used, the TNF and 
interferon can be employed in an extracorporeal treatment regimen heretofore referred to as adoptive 
immunotherapy. In these methods the peripheral blood mononuclear or lymphocytic cells of a patient are 

25 separated from the blood in an extracorporeal plasmapheresis cycle, treated with interleukin-2 or interferon, 
and then reinfused into the patient. The patient's immune responses against malignancies were greatly 
stimulated by this procedure. For the treatment of retroviral infections, the same general procedure is 
employed except that the peripheral monocytes and/or lymphocytes are incubated in the presence of TNF 
or TNF and interferon. Virally-infected cells are killed by TNF or the combination of agents. The 

30 extracorporeal cells also can be incubated with a killer cell activating agent such as a lymph cell mitogen - 
(e.g., phytohemagglutinin) and/or interleukin-2. The cells then are washed and resuspended in an infusion 
medium for reinfusion into the same patient from whom the cells were first obtained. The reinfusion can be 
followed up by administration of TNF and interferon as is otherwise provided herein. The optimal amounts 
of TNF or TNF and interferon, and the optimum conditions for extracorporeal treatment of the patients' 

35 lymph cells are routinely determined by assaying the patients 1 viral titer and assessing improvements in the 
patients' clinical condition. 

Persons that are candidates for treatment in accordance with this invention are those at risk for 
exposure to retroviral infection or who exhibit signs of actual exposure to such an infection. Those at risk 
include members of high risk groups such as homosexuals, intravenous drug users and those who have 

40 received transfusions or other products made from blood not screened for HIV antibodies. Evidence of 
exposure to retrovirus includes seroconversion to antibodies against HIV, positive serum assays for HIV, 
symptoms associated with AIDS-related complex (ARC) or frank AIDS. AIDS patients may or may not be 
diagnosed for Kaposi's sarcoma or other malignancies, adventitious microbial infections such as Pneumox- 
vstis carinti or thrush, neural impairment or cachexia (wasting). 

45 The invention will be more fully understood in the light of the following examples. The interferons were 
the products of recombinent bacterial cell culture and were purified to a specific activity of about 10' 
units/mg. TNF and LT also were recombinant, and had a specific activity of about 5x10' units/mg. 

so EXAMPLE 1 

LT or TNF Potentiates the Antiviral Activity of Human lnterferon-y 

A549 cells were seeded at 2x104/well in 96-weil flat-bottom trays (Falcon Plastics) for 24 hr prior to 
55 incubation with serially 2-fold diluted samples. The samples were dilutions of interferon-y at the concentra- 
tions indicated in Rg. 1. The samples oth rwise contained 0.1 ug/ml of TNF or LT in Dulbecco modified 
Eagl 's (DME) medium supplemented with 5 percent heat-inactivated f tal calf serum (FCS), glutamine (2 
mM). penicillin (100 U/ml), and str ptomycin (100 ug/ml). Control samples contained a) no interferon, TNF 
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or LT, b) TNF atone or c) LT alone. After 18 hr of incubation at 37°C, culture supematants were replaced 
with fresh DME medium containing 2 percent fetai caff serum (but no interferon. TNF or LT) and EMC virus 
at a multiplicity of infection ("MOI". the ratio of infectious virus/cell) of 1. The cytopathic effect (CPE) was 
determined by staining the viable cells with crystal violet and the titer was quantitatively monitored using a 

s microefisa autoreader (MR580, Dynatech) and further confirmed visually. Th CPE antiviral titer is ex- 
pressed as the reciprocal of the dilution found to inhibit 50 percent of the cell cytopathy and was 
standardized against the international reference sample of human interferon-y (No. Gg 23-901-530). 

As shown in Fig. 1, the presence of LT and TNF synergistically enhanced the anti-viral effect of 
interferon-? at these interferon-y concentrations. The anti-viral titers of interferon-y increased greatly at 

70 concentrations above 1 ng/ml (data not shown). However, LT or TNF were very useful at conferring 
protection on target cells when interferon-y was in itself present in low, largely ineffective concentrations. 



EXAMPLE 2 

75 

The Antiviral Activity of Bovine Interferon-^ is enhanced by Human LT or TNF 

The method of Example 1 was repeated except that the TNF and LT concentrations were 1 ug/ml 
rather than 0.1 ug/ml, the interferon was bovine, the target cells were bovine MDBK and the virus was VSV. 
20 The results of the CPE assay are shown in Fig. 2. Once again, large increases in protection was enabled by 
the presence of TNF or LT. This data also shows that the species origin of the TNF or LT is unimportant for 
the protective effect and that it is applicable to other mammals than man. 



25 EXAMPLE 3 

Protection of A549 Cells from VSV Infection 

The method of Example 1 was repeated except that the test virus was VSV and serial 10-fold and 2-fold 
30 dilutions of human recombinant interferon-y and TNF respectively, starting with 1 ug/ml of TNF, and 10 
ug/ml of interferon-7. The results are shown in Fig. 3 as a cell culture plate that has been stained with 
crystal violet Concentrations of interferon-y ranging from 0.0001 to 10 ug were ineffective in protecting the 
cells, as were concentrations of TNF ranging downward from 1 ug/ml to 1 ng/ml. The virally infected and 
uninfected controls produced the expected results as shown. However, the combination of TNF and 
35 interferon-y protected the cells against VSV infection even at concentrations respectively ranging about 
from 1 ug/ml to 1 ng/ml and 10 ug/ml to 0.1 ng/ml. 



EXAMPLE 4 

40 

Protective Enhancing Effect of TNF or LT on Interferons-a and 8 

The method of Example 1 was repeated with EMC/A549 as well as VSV/A549. The interferon 
concentrations were 10 ng/ml of interferon-o and 10 ng/ml of interferon-^. As shown in Fig. 4a. interferon-a 
45 and, to a lesser degree, interferon-jS demonstrated antiviral synergy with human TNF or LT. Similar results 
were obtained with the MDBKA/SV and bovine interferon-a and y as shown in Fig. 4b. 



EXAMPLES 

so 

Synergistic Inhibition of Viral Replication 

A549 cells were seeded into 24-well tissue culture plates (Costar) for 24 hr and then treated with 
various concentration of human LT, TNF or interferon-y for 18 hr, and the medium removed before 
55 challenge with EMC. VSV, Adenovirus-2 (Ad-2) and Herpes SimpIex-2 (HSV-2) viruses. The multiplicities of 
infection of EMC. VSV. Ad-2 and HSV-2 were 1, 1, 100 and 100. respectively. Th concentration fTNF, LT 
and interferon-y ranged from 0.1 ng/ml to 10 ug/ml. Aft r an adsorption period of 2 hr, the supematants 
were aspirated to remove the unadsorbed virus and the cells incubated at 37°C in medium containing 5 
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percent FCS. After 24 hr, th cultures (cells tog ther with medium) were frozen and thawed twice to lyse 
th cells and then centrifuged at 400 Xg for 10 min and the virus yield determined by plaque assay as 
d scribed in Rager-Zisman et ai. f "Proc Soc. Exp. Med." 142:1174-1179 (1973). Serial dilutions of the 
lysate were added to confluent A549 cells and incubated for 2 hr at 37°C. The supernatant was aspirated 
s and the cells were then overlaid with medium containing 5 percent FCS and 0.7 percent agarose. After 24- 
48 hr, the plaques w re visualized by fixing with formaldehyde and staining with crystal violet. The virus 
yields in terms of plaque forming units/ml (PFU/ml) were determined and the results shown in Rgs. 5a-5d. 
These figures demonstrate synergistic enhancement of antiviral activity, particularly at low interferon-? 
concentrations. 

10 

EXAMPLE 6 

Synergistic Killing of Virallv-lnfected Cells 

75 

The method of Example 1 was repeated with VSV at an MOI of 10 and without preincubation with 
interferon. TNF or LT. VSV was incubated at 37°C with the cells for 4 hours, after which the virus was 
washed from the infected cells. Then, the VSV-infected or uninfected cells were treated with 0.1 ug/ml of 
LT, interferon-y, alone or in combination as shown in Table 2. After 12 and 18 hours at 37°C. the viability of 
20 the cells were determined by trypan blue or propidium iodide staining. The results are shown in Table 2 
below. 

Table 2 

25 Viability Count (%) 



35 



Cell Treatment 


Uninfected 
12 hr 18.hr 


VSV-infected 
12 hr 18 hr 


control 


"100 


92 


70 


LT 


"100 


41 


29 


TNF 


"100 


38 


31 ™ 


interferon- 7 


"100 


91 


66 


LT + interferon-7 


"100 


14 


0 


TNF + interferon-7 


"100 


12 


0 



Table 2 shows that virally infected cells were killed in synergistic fashion when combinations of 
interferon~y and TNF or LT were used. Taken together with the results in previous Examples, this suggests 
that combinations of TNF or LT plus an interferon would act to counteract viral infections by two 
45 mechanisms: one by conferring protection on uninfected cells and the second by killing viral ly-infected 
cells. 



Example 7 

50 

Prophylaxis of HIV Infection 

The OKT4 + -positive human T-cell leukemia cells lines H9, HuT78 and U937 were cultured in suspen- 
sion with RPMM640 medium at 37°C. Cultures were centrifuged to separate cells from the medium and the 
55 cells then resuspended in Fresh RPMI-1640 at a density of 1x10Vml. Sufficient TNF-a and gamma 
interferon were added to th r suspended culture to produc 0.1 ug/ml TNF-a and 0.1 ug/ml gamma 
interferon. The combination of TNF-a and gamma interferon was not toxic to uninfected HuT78 and H9 
cells. The culture then was incubated at 37°C for 24 hours, aft r which 1x10 s cpm units of HIV/ml was 
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added- The cpm units were determined by reverse transcriptase activity (31); each unit is calibrated to 
represent the reverse transcriptase activity of one virion. After 3 days of further incubation at 37° C the cells 
were screened for viral antigens by indirect immunofluoresence using a murine monoclonal antibody 
against the p24 (core) protein of HIV and labelled goat anti-mouse immunoglobulin (32). Th results of 
replicate experiments are shown below as the percentage of cells which contain HIV core protein. 

Table 3 

Agent: % of Cells Infected 

HuT78 H9 U937 





1 


2 


1 


2 


1 


2 


Control 


54 


68 


48 


36 


11 


14 


TNF-a 


27 


34 


32 


18 


7 


8 


gamma interferon 


63 


51 


42 


41 


12 


11 


TNF-a and 

gamma interferon 


1 


8 


4 


3 


2 


1 



These results demonstrate that combination therapy with TNF and interferon is highly effective in 
preventing HIV infection of otherwise susceptible T cells. 



Example 8 

Treatment of HIV-infected Cells 

1x10 s H9 and RPMM788 lymphoblastoid cells/ml of RPMI-1640 medium were exposed to 1x10 s cpm of 
HIV/ml in the presence of 1 ug/ml polybrene in order to enhance the percentage of cells infected by HIV. 
These cells were cultured for about 30 days, during which the culture medium was replaced every 3-5 days 
and cells subcultured approximately once a week. Sufficient TNF-a and gamma interferon were substan- 
tially simultaneously added to cultures containing 1x10* cells/ml in order to establish concentrations as 
shown in Table 4 below. Combinations of TNF-a and gamma interferon at these concentrations were not 
cytotoxic towards uninfected H9 and RPMM788 cells. The cultures were incubated at 37°C for 3 days and 
then assayed for the percentage of viable cells by trypan blue staining. The results of replicate experiments 
are shown in Table 4 (ND = not done). 
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Agent 



Table 4 



Concentration 



% Viable Cells 



H9 



1788 



Control 



10 



89 



76 



95 



86 



TNF-a 



1.0 ng/ml 
0.1 fxg/ml 



ND 
73 



ND 
70 



90 
81 



81 
76 



75 



Gamma 
interferon 



1.0 ng/ml 
0.1 /ig/ml 



ND 
85 



ND 
74 



83 
80 



84 
82 



20 



25 



TNF-a and 

Gamma 

interferon 



ng/ml 
pg/ml 



ND 
50 



ND 
42 



68 
34 



72 
53 



These results demonstrate concentration-dependent synergistic killing of virally-infected cells by com- 
binations of TNF and interferon and, to a lesser degree. TNF-a alone. This, combined with the protective 
effect of TNF or the combinations for uninfected cells, demonstrates the value of TNF or combinations 
therapy in the treatment of retroviral infections. 



Example 9 

Reduction of HIV Replication by TNF and Combination Therapy 

HuT78 cells were treated with 0.1 ug/m\ each of TNF-a and gamma interferon and then infected with 
HIV as described in Example 7. After 2 days of incubation at 37°C total RNA was extracted from the HIV- 
infected cells as follows. The cells were washed with PBS and resuspended in 0.35 ml TSM buffer (10 mM 
Tris pH 7.5, 0.15 M NaCI, 2mM MgCIJ containing 0.5% NP-40 and 17 ul VRC (BRL) at about 0°C. After 3-5 
min. nuclei were centrifuged free of the lysed cells. The supernatant containing mRNA was added to 0.35 
ml of TSE buffer (10 mM Tris pH 7.5, 0.15 M NaCI, 5 mM EDTA) containing 1% SDS and extracted 3x with 
0.7 ml of phenol:chloroform:iso-amylalcohol (24:24:1). The phenol was equilibrated with water and 0.1% 8- 
OH-quinoline. RNA was precipitated from the aqueous layer with ETOH and sodium acetate. Poly(A) RNA 
was prepared by oligo(dT) cellulose electrophoresis (36). Northern hybridization using 1 ug RNA/lane was 
performed as described (37). The results, shown in Fig. 6, demonstrate that TNF-a pretreatment was able to 
suppress the appearance of HIV RNA in host cells, but that far less RNA appeared when TNF and interferon 
were used together. These results are consistent with the infectivity data shown in Table 3. No change in 
actin mRNA (a structural protein) was observed with or without TNF and interferon treatment, demonstrating 
that the effect of TNF-a and interferon was targeted to the virus rather than cell growth in general. 



Example 9 

Protocol for AIDS or ARC Patient Therapy 

Males seropositive for HIV antibody and having blood which is jn vitro cell culture positive for 
demonstrable HIV titer ar enrolled. These patients generally pr s nt with symptomology consistent with 
AIDs or ARC, and were seroconverted for HIV antibody. The tr atment group is divided into cohorts based 
on the following treatment variables: 

1. Simultaneous or sequential TNF and int rferon treatment. 



11 



0 235 906 



2. Intravenous or intramuscular injection and, in the case of intravenous injection, by bolus or 
continuously by infusion (1, 2, 5 and 10 days). 

3. Dosage regimen over hours, starting at 
1 ugfm* of TNF, and 

s 1 ug/m 2 of interferon, and increasing to 5, 10. 25, 
50 ... ug/m 2 of each agent as tolerated. 

4. Ratios of TNF to interferon: 1:100 to 100:1 

5. Repeat cycles of treatments: 1 to 5. with intermediate treatment suspensions of 1. 2, 5 or 10 days. 

6. Selection and proportions of interferon types: o and y, 1:10 -10:1; & and 7 , 1:10 -10:1; y, a or $ 
70 alone, 1:1:1 to 10:1:1 to 1:5:5. 

A suitable starting regiment will comprise treating ARC patients with a combination of TNF-a, gamma 
interferon and alpha interferon. The combination is administered by continuous infusion using an intra- 
venous infusion pump calibrated to deliver a dosage of 1-10 ug/m 2 /24 hours TNF-a, 1-10 ug/m 2 /24 hours for 
gamma interferon and 1-10 ug/m 2 /24 hours for alpha interferon. Patients may be escalated to higher doses 

75 as tolerated. This infusion is continued for one week. Patients are rested for another week and the infusion 
repeated. Side effects such as fever, chilis and the like are treated by conventional means or by reducing 
the dosage. When anti-HIV antibody or pgl20 env are employed as antiviral agents in combination with the 
above, the antibody or env polypeptide are present in a dosage calculated to be capable of sequestering 
virions released by the combined therapy. This will depend on the affinity of antibody for virion and its 

20 neutralizing titer as well as the viral titer of the patient. Determination of suitable dosages will be within the 
skill of the routineer. 

The clinical condition and viral infectivity titers of the patients are monitored during and after the 
treatment protocol. Consistent with the in vitro studies in Examples 7-9. the immune competence and viral 
titer of a statistically significant proportion of the patients improved as a result of the treatment. 

25 

Example 10 

Catalase Potentiates the Antiviral Activity of Interferon-^ and/or TNF-a 

30 

A549 cells were seeded at 2x10Vwell in 96-well flat-bottom trays (Falcon Plastics) for 24 hr prior to 
incubation with test samples. The test samples were as shown in Fig. 7 ("CAT" is catalase). The samples 
otherwise contained Dulbecco modified Eagle's (DME) medium supplemented with 5 percent heat-inac- 
tivated fetal calf serum (FCS), glutamine (2 mM), penicillin (100 U/ml). and streptomycin (100 ug/m I). After 

35 18 hr of incubation at 37°C, culture supematants were replaced with fresh DMA medium free of interferon. 
TNF or catalase but containing 2 percent fetal calf serum and EMC virus at a multiplicity of infection - 
( w MOr, the ratio of infectious virus/cell) of 1. The cytopathic effect (CPE) was determined by staining the 
viable cells with crystal violet and the titer was quantitatively monitored using a microelisa autoreader - 
(MR580. Dynatech) and further confirmed visually. The CPE antiviral titer is expressed as the reciprocal of 

40 the dilution found to inhibit 50 percent of the cell cytopathy and was standardized against the international 
reference sample of human interferon-y (No. Gg 23-901-530). 

As shown in Fig. 7, catalase dramatically and synergisticaily enhanced the anti-viral effect of interferon- 
7 and TNF-a. This effect is not unique to EMC virus. It has been observed with a variety of permissive cells 
and viruses. 

45 
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Claims 

1. A composition comprising an antivirally-effective therapeutic dose of an interferon less than about 
100.000 International Units and an LT and/or TNF. 

2. The composition of claim 1 which is an aerosol. 

3. The composition of claim 1 or claim 2 wherein the amount of LT and/or TNF is less than about 10% 
by weight of the interferon. 

4. The composition of any one of claims 1 . 2 and 3 wherein the interferon is interferon-/. 

5. The composition of any one of the preceding claims comprising a mixture of LT and TNF. 

6. The use of (a) an interferon and (b) a TNF and/or an LT in the manufacture of an anti-virai or 
prophylactic medicament for administration to a mammal previously infected or at risk from viral infection, 
and wherein (a) and (b) are administrable simultaneously or sequentially. 

7. The use of claim 6 wherein the viral infection is a respiratory tract infection. 

8. The use of claim 6 or claim 7 wherein the interferon and TNF or LT are administered simultaneously. 

9. The use of any one of claims 6. 7 and 8 wherein the interferon and TNF or LT are administered 
intranasally. 

10. The use of any one of claims 6 to 9 wherein the TNF or LT are administered in an effective dose of 
less than about 5 ug/Kg. 

11. The use of a tumor necrosis factor or a tumor necrosis factor and an interferon in the manufacture 
of a medicament for the treatment or prophylaxis of viral infections in an animal having such an infection or 
at risk for such an infection. 

12. The use of claim 11 wherein the tumor necrosis factor is tumor necrosis factor-a. 

13. The use of claim 11 or claim 12 wherein the interferon is interferon a. 0 or y . 

14. The us of claim 13 wherein the interferon is int rferon-7. 

15. The use of claim 11 wherein interferon is a mixture of gamma interf ran plus alpha or beta 
int rferon. 

•16. The use of any one of claims 11 to 14 in connection with infection by HIV. 
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17. The us© of any one of claims 11 to 15 wherein the medicament is for administration ex vivo in the 
course of adoptive immunotherapy. 

18. The use of any one of claims 11 to 16 wher in interfer n is to be administered prior to tumor 
necrosis factor. 

s 19. The use of any one of claims 11 to 18 wherein the dosages of tumor necrosis factor and interferon 
are each about from 1 to 25 ug/m 2 /24 hours by continuous intravenous infusion. 

20. The use of any one of claims 11 to 1 9, wherein the medicament further comprises antibody capable 
of neutralising viral infectivity. 

21. The use of claim 16 wherein the administration of tumor necrosis factor and interferon is to be 
w repeated through about from 1 to 5 cycles. 

22. The use of claim 16, wherein the medicament comprises means for immunizing the animal against 
HIV prior to administration of tumor necrosis factor or tumor necrosis factor and an interferon. 

23. The use of any one of claims 1 1 to 22 wherein the medicament further comprises a physiological 
acceptable oxygen free-radical scavenger substance. 

75 24. The use of claim 23 wherein the scavenger substance is catalase. 

25. The use of claim 24 wherein the scavenger substance is human erythrocyte catalase. 

26. A composition comprising a tumor necrosis factor, an interferon and an oxygen-free radical 
scavenger substance. 

27. The composition of claim 26 wherein the scavenger substance is a peroxidativety active enzyme. 
20 28. The composition of claim 27 wherein the scavenger substance is catalase. 

29. The composition of claim 28 wherein the enzyme is human erythrocyte catalase. 

30. The composition of any one of claims 26 to 29 further comprising a substance capable of 
preventing (a) replication of a retrovirus or (b) retroviral binding to a cell surface receptor. 

31. A composition comprising a tumor necrosis factor, an interferon and a substance capable of 
25 preventing the (a) replication of a retrovirus or (b) retroviral binding to a cell surface receptor. 

32- The composition of claim 30 or claim 31 wherein the substance capable of preventing retroviral 
binding to a cell surface receptor is an antibody directed against an envelope polypeptide of the retrovirus. 

Clams for the following contracting states: Austria, Greece, Spain 

30 

1. Use of an arrtivi rally-effective therapeutic dose of an interferon less than about 100,000 International 
Units and of an LT and/or TNF in manufacture of a medicament 

2. Use of claim 1 wherein the medicament is an aerosol. 

3. Use of claim 1 or claim 2 wherein the amount of LT and/or TNF is less than about 10% by weight of 
35 the interferon. 

4. Use of any one of claims 1, 2 and 3 wherein the interferon is interferon-y. 

5. Use of any one of the preceding claims wherein a mixture of LT and TNF is used. 

6. The use of (a) an interferon and (b) a TNF and/or an LT in the manufacture of an anti-viraJ or 
prophylactic medicament for administration to a mammal previously infected or at risk from viral infection. 

40 and wherein (a) and (b) are administrate simultaneously or sequentially. 

7. The use of claim 6 wherein the viral infection is a respiratory tract infection. 

8. The use of claim 6 or claim 7 wherein the interferon and TNF or LT are administered simultaneously. 

9. The use of any one of claims 6. 7 and 8 wherein the interferon and TNF or LT are administered 
intranasal ty. 

45 10. The use of any one of claims 6 to 9 wherein the TNF or LT are administered in an effective dose of 
less than about 5 ag/Kg. 

11. The use of a tumor necrosis factor or a tumor necrosis factor and an interferon in the manufacture 
of a medicament for the treatment or prophylaxis of viral infections in an animal having such an infection or 
at risk for such an infection, 
so 12. The use of claim 1 1 wherein the tumor necrosis factor is tumor necrosis factor-a. 

1 3. The use of claim 1 1 or claim 12 wherein the interferon is interferon a. & or 7. 

14. The use of claim 13 wherein the interferon is interferon-y. 

15. The use of claim 11 wherein interferon is a mixture of gamma interferon plus alpha or beta 
interferon. 

55 16. The use of any on of claims 11 to 14 in connection with infecti n by HIV. 

17. The use of any one of claims 1 1 to 15 wherein the medicament is for administration ex vivo wherein 
th course of adoptiv immunotherapy. 
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18. The use of any one of claims 11 to 16 wherein interferon is to be administered prior to tumor 
n crosis factor. 

19. The use of any n of claims 11 to 18 wherein the dosages of tumor necrosis factor and interferon 
are each about from 1 to 25 uq/tx\ 2 /24 hours by continuous intravenous infusion. 

20. The use f any one of claims 11 to 19, wherein the medicament further comprises antibody capable . 
of neturalising viral irtfectivity. 

21. The use of claim 16 wherein the administration of tumor necrosis factor and interferon is to be 
repeated through about from 1 to 5 cycles. 

22. The use of claim 16, wherein the medicament comprises means for immunizing the animal against 
HIV prior to administration of tumor necrosis factor or tumor necrosis factor and an interferon. 

23. The use of any one of claims 1 1 to 22 wherein the medicament further comprises a physiological 
acceptable oxygen free-radical scavenger substance. 

24. The use of claim 23 wherein the scavenger substance is catalase. 

25. The use of claim 24 wherein the scavenger substance is human erythrocyte catalase. 

26. Use of a tumor necrosis factor, an interferon and an oxygen-free radical scavenger substance in the 
manufacture of a medicament. 

27. The use of claim 26 wherein the scavenger substance is a peroxidatively active enzyme. 

28. The use of claim 27 wherein the scavenger substance is catalase. 

29. The use of claim 28 wherein the enzyme is human erythrocyte catalase. 

30. The use of any one of claims 26 to 29 wherein the medicament further comprises a substance 
capable of preventing (a) replication of a retrovirus or (b) retroviral binding to a cell surface receptor. 

31. Use of a tumor necrosis factor, an interferon and a substance capable of preventing the (a) 
replication of a retrovirus or (b) retroviral binding to a cell surface receptor in the manufacture of a 
medicament. 

32. The use of claim 30 or claim 31 wherein the substance capable of preventing retroviral binding to a 
cell surface receptor is an antibody directed against an envelope polypeptide of the retrovirus. 
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Fig. I EMC /A549 Cells 
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Fig. 2. VSV/MDBK Cells 
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Fig. 3. 

IFN-9' Can Protect Against VSV Infection 
in the Presence of TNFa/59 
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Fig.Ub. 
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Fig.SA. EMC/A549 
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Fig.5C Ad-2/A549 
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Fig J. 



CATALASE enhances antiviral activity of IFN-JT S TNF 
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